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ABSTRACT. The umbu tree (Spondias tuberosa) is one of the best 
known plants of the Brazilian semi-arid region; it has great potential 
for the fruit market due to excellent consumer acceptance. This tree is 
not presently cultivated; fruit commercialization is based on 
extrativism. Consequently, there has been little research on the 
genetics of this species. Our objective was to develop, evaluate and 
transfer single sequence repeat (SSR) loci to S. tuberosa to support 
work on genetic resources and agronomic improvement of this 
species. SSR loci for the umbu tree were developed from a new 
enriched genomic library and evaluated by PCR.  Fourteen SSR loci 
developed for S. radlkoferi were evaluated for use in S. tuberosa, as 
well as 18 SSR loci previously identified for this species. DNA was 
extracted from leaf tissue of eight umbu trees available that are part 
of a germplasm collection located in Petrolina, PE, Brazil. Of the 14 
pairs of primers that were tested, six yielded amplicons, and two 
showed polymorphism in the genotyped samples. All SSR loci of S. 
radlkoferi transferred to the umbu tree species, yielding amplicons; 
however, only four were polymorphic in this sample. Among the 
eighteen available species-specific SSR loci, six were polymorphic 











et al.                                                                          2 
 
for these eight trees. Among the 38 loci that we evaluated, 12 were 
polymorphic in the sample, including two new loci for S. tuberosa. 
The number of alleles ranged from 2 to 12, and 10 of them were 
moderately to highly informative (PIC>0.50), while nine had 
heterozygosity greater than 0.50. The six new SSR loci and the 14 
SSR loci transferred from S. radlkoferi increase the number of 
available loci for population studies, germplasm collection and 
resource management for the development of new umbu tree 
cultivars. 
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INTRODUCTION 
 
Spondias (Anacardiacea) is an economically important genus that consists of 17 
species, including seven species in the neotropics (Mexico to Brazil) and 10 species in Asia 
(Aguilar-Bajaras et al., 2014). In Brazil the best-known species are S. tuberosa, S. mombin, 
S. purpurea, S. dulcis, and S. venulosa. (Balbino et al. 2019). The chromosome number of 
the genus Spondias is 2n=32; all representatives have similar morphologies (Almeida et al., 
2007). Endemic to the Brazilian semiarid region, the umbu fruit tree (S. tuberosa) (Prado 
and Gibbs, 1993) stands out for its importance, providing a source of income for rural 
populations in these dry areas, where it can produce fruit because of its resistance to 
drought, mainly because of specialized root structures (xylopodia), which allow water 
storage (Lima Filho and Santos, 2009).  
According to Zeraik et al. (2016), the fruit of this species is well-appreciated in the 
Brazilian Northeast, mainly because of its refreshing and acidic flavor; it can be consumed 
fresh, as a juice, ice cream, sweet, or jam, or as the traditional “umbuzada” (fruit pulp 
boiled with milk and sugar). Santos et al. (1999) report umbu genotypes with fruit weight 
greater than 80g, which is four times larger than the normal average size of this species’ 
fruits. Production of umbu fruit in 2019 was 8544 t, a result of extractivism in eight 
Brazilian states (IBGE, 2020), since the umbu tree is not cultivated. Breeding work, with 
the development of new cultivars, is practically inexistent for this species (Lima et al., 
2018). 
Microsatellites or simple sequence repeat (SSR) markers have been widely applied 
in genetic studies, including genetic conservation, population genetics, molecular breeding, 
and paternity testing. This wide range of applications is possible because SSRs are 
codominant and multi-allelic, are highly reproducible, have good resolution, and can be 
identified using PCR (Oliveira et al., 2006). Despite their usefulness, SSRs have only been 
identified for a limited number of economically important species. The number of SSR 
primers available for plant species is quite variable; often they are insufficient for good 
genetic characterization. Transferability of SSRs between close species has been evaluated 
as a means to help overcome this limitation (Varshney et al., 2005).  
Nogueira et al. (2015) was able to use 152 of 158 Psidium guajava SSR markers for 
a group of 16 species of Eugenia. A high percentage (93.3%) of transferability was also 
observed for SSR Theobroma grandiflorum loci transferred to T. cacao (Nascimento et al, 
2019). Aguilar-Bajaras et al. (2014) developed 14 SSR loci for S. radlkoferi and was able to 
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transfer some of them to other Spondias spp. Balbino et al (2019) developed 18 SSR loci for 
the umbu tree, which were also transferred to another three Spondias species. Increasing the 
number of SSR markers for the umbu tree will facilitate efforts to improve this species, to 
make better and more efficient use of the genetic variability present in the Embrapa Semi-
Arid tropic germplasm bank (Santos et al., 1999). 
The aim of our study was to develop, transfer, and evaluate SSR loci for S. 
tuberosa, for research on genetic resources and improvement of this species. 
MATERIAL AND METHODS 
Plant material and DNA extraction 
 
Young and healthy leaves were collected from accessions BGU 30, 37, 44, 48, 52, 
55 and 68 and an additional sample of umbu tree that spontaneously appeared at Embrapa 
Semiarid. The accessions were from Afranio-PE, Uaua-BA, Anage-BA, America Dourada-
BA, Parnamirim-PE, Lagoa Grande-PE, and Lontra-MG, respectively, and they were pre-
selected for large fruit size.  
DNA extraction was performed based on the CTAB 2x protocol, with some 
modifications, as described by Santos and Gama (2013). DNA quantification was made 
through comparative visual analysis of samples on 0.8% (w/v) agarose gel, stained with 
ethidium bromide and standardized at 10 ng µL
-1
 for SSR analysis.  
SSR development, transferability, and evaluation of SSR loci 
 
The genomic DNA was digested by enzymatic hydrolysis, to generate fragments of 
suitable sizes. A uniform smear from 700 to 1200bp was observed in the gel. The fragments 
ligated to the adapters were pre-amplified using the Rsa21 primer. The binding reaction was 
visualized on a 1% agarose gel, stained with ethidium bromide, producing a uniform smear 
from 300 to 1200bp. The reaction was purified using the Quiaquick PCR purification kit. 
After ligation of the DNA to the adapters, a selection of fragments containing microsatellite 
sequences was made. Plasmid DNA from each clone was extracted, amplified, purified, and 
sequenced. 
The sequences were analyzed with the Simple Sequence Repeat Identification Tool 
for the identification of microsatellites. After the microsatellites were identified, the 
sequences were examined with the Primer 3 plus program 
(http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi/), to design the primers, 
excluding in this step the adapter of Rsa21 sequences. The primers were synthesized, and 
the products amplified by PCR. Eighteen S. tuberosa loci developed by Balbino et al. 
(2019) and 14 other loci developed for S. radlkoferi by Aguilar-Bajaras (2014) were 
evaluated for T. tuberosa. 
PCR protocol, amplifications, and analysis 
 
The PCR protocols for all SSR loci were adjusted to a final volume of 10µl: 1x 
buffer solution, 2 mM MgCl2, 0.22 μM of each dNTP, 0.4 μM of each primer (forward and 
reverse), one unit of Taq DNA polymerase and 10 ng of genomic DNA. The amplifications 
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were performed in a Biometra thermocycler. The program started with 15 min at 94ºC, 
followed by 35 cycles at 94ºC for 30 s, 58 or 60ºC for 1 min, 72ºC for 1 min and a final 
extension at 72ºC for 10 min. The PCR products were visualized in a 6% polyacrylamide 
gel, stained with silver nitrate, as described by Santos and Gama (2013). 
The number of base pairs for each allele was estimated using the reverse mobility 
method, based on the regression of products of known size based on a 50 bp molecular 
marker (Ludwig Biotec®), multiplying the estimated amplicon size by a factor of 0.34. 
Heterozygosity, allele numbers, and polymorphism information content (PIC), were 
calculated for each SSR locus, evaluated in the eight individuals of S. tuberosa, using the 
Cervus 3.0.7 program (Marshall et al., 1998). 
RESULTS 
Development of six new SSR loci for S. tuberosa 
 
Among the 14 synthetized primer pairs, six yielded amplicons that were visualized 
in 6% polyacrylamide gels stained with silver nitrate (Table 1). Based on the arrangement 
of the nucleotides within the repeat motifs, the loci were classified as stable; these included 
five di-nucleotides (SSRU1, SSRU4, SSRU5, SSRU12 and SSRU14) and one tri-nucleotide 
(SSRU7). Of the six SSR loci, with consistent PCR products, four were monomorphic 
(SSRU01, SSRU04, SSRU05 and SSRU14) and two were polymorphic (SSRU07 and 
SSRU12) for the sample of eight umbu tree accessions. 
 
 
Table 1. Sequences of new SSR primers (Forward – F, reverse - R) developed for Spondias tuberosa, 
alleles (bp), polymorphic information content (PIC), expected (He) and observed heterozygosity (Ho), 
repeat motif (MT) and number of alleles (NA). Annealing temperature = 60ºC. 
 






















































The allele sizes ranged from 156 to 264 bp among the six new S. tuberosa SSR loci 
(Table 1). The polymorphic information content (PIC) values were 0.31 and 0.19, the 
expected heterozygosity values were 0.38 and 0.22 and the observed heterozygosity values 
were 0.32 and 0.25, respectively for the SSRU7 and SSRU12 loci (Table 1).   
Transferability of SSR loci from Spondias radlkoferi to S. tuberosa  
 
All 14 SSR loci of S. radlkoferi evaluated in the eight individuals of S. tuberosa 
produced amplicons in 6% polyacrylamide gels, demonstrating 100% transferability. 
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However, of the 14 loci of S. radlkoferi, only four were polymorphic in the S. tuberosa 
sample (Table 2). The number of alleles obtained per locus in S. tuberosa ranged from three 
to six, with SPO4 and SPO14 showing the highest allelic diversity, with six and five alleles, 
respectively; the lowest number was observed for SPO8 and SPO18, which showed only 
three alleles. (Table 2).  
 
 
Table 2. Sequences of SSR primers (Forward – F, reverse - R) transferred from Spondias radlkoferi to S. 
tuberosa, alleles (bp), polymorphic information content (PIC), expected (He) and observed heterozygosity 
(Ho), annealing temperature (Ta), repetition motif (MT) and number of alleles (NA). 
 
















279-297 0.51 0.63/0.75 62 3 
 
The PIC values ranged from 0.43 to 0.74, with an average of 0.58 (Table 2). SP04, 
SP014 and SPO18 loci presented high PIC values, while SPO8 presented a medium PIC 
value. The expected heterozygosity ranged from 0.51 to 0.83, and the observed 
heterozygosity values ranged from 0.63 to 0.88 (Table 2). The allele sizes ranged from 186 
to 296 bp among the four polymorphic transferred SSR loci (Table 2).  
Evaluation of S. tuberosa SSRs 
 
Among the 18 SSR loci, 12 were monomorphic and six presented polymorphism in 
the 6% polyacrylamide gels made with material from the eight accessions. (Table 3).  
 
 
Table 3. Sequences of SSR primers (Forward – F, reverse - R) developed for Spondias tuberosa, alleles 
(bp), polymorphic information content (PIC), expected (He) and observed heterozygosity (Ho), annealing 
temperatures (Ta), repetition motif (MT) and number of alleles (NA). 
 
























60 4 176-181 0.39 0.44 0.50   
 
The allelic diversity of the S. tuberosa loci ranged from two to four alleles (Table 
3); the TUB103 locus showed the greatest allelic diversity. The PICs of the evaluated S. 
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tuberosa loci were classified as moderately informative, with the TUB93 locus presenting 
the smallest PIC, 0.19 (Table 3). The expected heterozygosity ranged from 0.23 to 0.575, 
while the observed heterozygosity values ranged from 0.25 to 0.75. The allele sizes ranged 
from 176 to 260 bp among the six S. tuberosa SSR loci (Table 3). 
DISCUSSION 
 
The Caatinga, a seasonally dry tropical forest and woodland biome (SDTFW), has a 
large number of plant species, including at least 3,150 species, distributed among 950 
genera and 152 families of angiosperms, of which approximately 25% are endemic to this 
biome, including S. tuberosa (Fernandes and Queiroz, 2018). Germplasm collection to 
preserve genetic variability and the pre-breeding activities of Caatinga species has been 
rarely done. Here, we developed and transferred new SSR loci to help guide accession 
collection and management of genetic resources of S. tuberosa, to support the development 
of improved cultivars. These SSR loci will aid in outcrossing rate estimation and molecular 
diversity investigations of germplasm collections, which are needed for genetic resource 
studies.  For breeding programs, it is expected that the SSR loci will be useful for 
identifying hybrids and for mapping umbu tree agronomic characters. 
Of the six new SSR loci, two were polymorphic and four were monomorphic; all of 
them produced repeatable amplicons in polyacrylamide gels. Of the 14 SSR loci developed 
by Aguilar-Bajaras et al. (2014) for S. radlkoferi, only four were polymorphic. Four 
monomorphic out of 14 SSR loci were also reported by Aguilar-Bajaras (2014) in studies of 
S. radlkoferi. Among the 18 umbu tree specific SSR loci (Balbino et al., 2019), only six 
were polymorphic in our study.  
According to Balbino et al. (2019), the recent diversification of the genus Spondias 
(approximately 20 million years ago) may be the reason for the low degree of diversity, 
which would explain the high transferability success we found between S. radlkoferi and S. 
tuberosa. High transferability percentages, ranging from 50 to 100%, for species of the 
same genus, have also been reported by Nazareno et al. (2011), between Butia eriospatha 
and B. catarinensis, by Aguilar-Bajaras et al. (2014) between S. radlkoferi and S. mombin, 
by Balbino et al. (2019) among S. tuberosa and S. mombin and S. dulcis, and by Roman et 
al. (2020) among Drosophila sturtevanti and species of the Drosophila saltans group. 
The polymorphic information content (PIC) of the 12 SSR loci in our study ranged 
from 0.19 to 0.74; it was higher in the loci transferred from S. radlkoferi to S. tuberosa. 
Among the polymorphic SSR loci that we found, two loci presented slightly informative 
PIC values (<0.25), seven were moderately informative (0.25 to 0.50), and three were 
highly informative (> 0.51), according to the classification proposed by Bolstein et al. 
(1980). Araya et al. (2016) reported PICs ranging from 0.46 to 0.77 for SSR loci transferred 
from Passiflora edulis to another 78 wild or cultivated Passiflora species. According to 
Nagy et al. (2012), PIC is one most informative measures of polymorphism of a genetic 
marker and has become the most widely adopted for genetic studies. 
The expected (He) and observed (Ho) heterozygosity among 12 SSR loci ranged 
from 0.22/0.25 to 0.83/0.73, being higher in the loci transferred from S. radlkoferi to S. 
tuberosa. According to Nagy et al. (2012), heterozygosity is another measure of 
informativeness of polymorphism of a genetic marker, and heterozygosity is widely applied 
in genetic studies. Balbino et al. (2019) reported He/Ho values ranging from 0.10/0.10 to 












Microsatellite loci for Spondias tuberose                                                    7 
 
 
0.64/1.0 for SSR loci among 16 individuals of S. tuberosa, while Aguilar-Bajaras (2014) 
reported He/Ho ranging from 0.35/0.38 to 0.73/1.0 among 37 individuals of S. radlkoferi. 
These He / Ho values for Spondias are close to those we found in our study 
Estimated allele numbers were not the same as those reported by Aguilar-Bajaras et 
al. (2014) and Balbino et al. (2019), because we did not use fluorescent electrophoresis and 
automatic estimations of amplicon size. The number of alleles observed among the 12 SSR 
loci ranged from 2 to 6, which is lower than for the new SSR loci that we investigated. 
Aguilar-Bajaras (2014) reported allele numbers ranging from 3 to 12 among 37 individuals 
of S. radlkoferi, while Balbino et al. (2019) reported allele numbers ranging from 2 to 5 
among 16 individuals of S. tuberosa, with the highest frequency (45%) of loci with two 
alleles. The allele numbers in our study are close to those observed for S. tuberosa and 
lower than what was observed for S. radlkoferi. 
Of the 38 SSR loci evaluated in our study, 12 were polymorphic, with 2 to 12 
alleles; 10 had moderately informative PICs. Nine SSR loci with He/Ho>0.50 could be 
indicated for population studies, germplasm collection and management, and to aid in the 
development of new umbu tree cultivars. The low frequency of polymorphic SSRs (31.6%) 
can be attributed to the small sample size. 
CONCLUSIONS 
 
Among the 38 loci that were evaluated S. tuberosa, 12 were polymorphic in the 
genotyped sample, including two new loci for this species. The six new SSR loci and the 14 
SSR loci transferred from S. radlkoferi increase the number of available loci to 38 for 
population studies, germplasm collection administration, and breeding programs for the 
development of improved umbu tree cultivars. 
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